ABSTRACT. Chinese cabbage (Brassica rapa ssp. pekinensis) is one of the most important vegetable crops grown worldwide, and various methods exist for selection, propagation, and cultivation. The entire Chinese cabbage genome has been sequenced, and the heat shock transcription factor family (Hsfs) has been found to play a central role in plant growth and development and in the response to biotic and abiotic stress conditions, particularly in acquired thermotolerance. We analyzed heat tolerance mechanisms in Chinese cabbage. In this study, 30 Hsfs were identified from the Chinese cabbage genome database. The classification, phylogenetic reconstruction, chromosome distribution, conserved motifs, expression analysis, and interaction networks of the Hsfs were predicted and analyzed. Thirty BrHsfs were classified into 3 major classes (class A, B, and C) according to their structural characteristics and phylogenetic comparisons, and class A was further subdivided into 8 subclasses. Distribution mapping results showed that Hsf genes were located on 10 Chinese cabbage chromosomes. The expression profile indicated that Hsfs play differential roles in 5 organs in Chinese cabbage, and likely participate in the development of underground parts and regulation of reproductive growth. An orthologous gene interaction network was constructed, and included MBF1C, ROF1, TBP2, CDC2, and HSP70 5 genes, which are closely related to heat stress. Our results contribute to the understanding of the complexity of Hsfs in Chinese cabbage and provide a basis for further functional gene research.
INTRODUCTION
Heat stress is a major abiotic stress that limits plant production, particularly during the summer months in warm and temperate climates, which may have a greater impact resulting from global climate change (Wardlaw and Willenbrink, 1994; Ahuja et al., 2010) . Heat shock proteins (Hsps) and heat stress transcription factors (Hsfs) are involved in the cellular response to various forms of heat shock and other stress (Kotak et al., 2007a) . Hsps serve as molecular chaperones regulating protein folding, localization, accumulation, and degradation in both plant and animal species (Feder and Hofmann, 1999) , and are considered to play a generalized role in tolerance to multiple environment stress apart from heat stress. However, Hsfs are transcriptional activators of heat shock genes and play a central role in regulating Hsp expression (Nover et al., 2001) .
Hsf is typically composed of a DNA-binding domain (DBD) located near the N-terminus, an oligomerization domain (or HR-A/B) connected to the DBD, a nuclear localization signal (NLS), a nuclear export signal (NES), and activator motifs (AHA motifs) located near the C-terminal domains (Nover et al., 2001) . DBD is the most conserved component of Hsfs, consisting of an antiparallel 4-stranded b-sheet (b1, b2, b3, b4) packed against a bundle of 3 a-helices (H1, H2, H3) (Damberger et al., 1994) . The hydrophobic core of this domain ensures the specific recognition of heat stress promoter elements (Littlefield and Nelson, 1999; Sakurai and Enoki, 2010) . Based on differences in their oligomerization domains, plant Hsf protein families fall into 3 classes ( A, B, and C). All class A and class C Hsfs possess an extended HR-A/B region resulting from an insertion of 21 (class A ) or 7 (class C) amino acid residues between the A and B regions, while the HR-A/B regions of class B Hsfs are compact without insertion. Furthermore, a cluster of basic amino acid residues at the C-terminal from OD domain act as an NLS, in which class B is joined with the highly conserved repressor motif LFGV. Leucine-rich NES at the C-terminal end of many plants is required to maintain the balance of import and export in cooperation with the NLS. The AHA motif is characteristic of class A Hsfs as transcription activators, which are rich in aromatic (W, Y, F), hydrophobioc (L, I, V), and acidic amino acid residues (E, D). In contrast, class B and class C Hsfs have no activator function because they possess no AHA motif (Kotak et al., 2004) .
To date, a variety of heat stress transcription factors have been successfully identified and investigated in some plants, including tomato (Scharf et al., 1990) , Arabidopsis (Nover et al., 2001) , rice (Guo et al., 2008) , maize (Lin et al., 2011) , Malus domestica (Giorno et al., 2012) , soybean (Glycine max) (Chung et al., 2012) , Medicago truncatula, and polar (Populus tricocarpa) (Wang et al., 2012) . For example, Arabidopsis, which served as the prototype for the Hsf family, contains a set of 21 Hsf-encoding genes with 15 members belonging to class A, 5 members to class B, and 1 to class C, which are the smallest families observed thus far. The maximum number of 52 Hsf genes was identified in soybean. Tomato HsfA1a appears to have an unique function as master regulator of acquired thermotolerance, and cannot be replaced by any other Hsfs (Mishra et al., 2002) , while tomato HsfB1 acts as synergistic co-activator of HsfA1a (Czarnecka-Verner et al., 2000) . HsfA2, which is structurally and functionally similar to HsfA1, is one of the most strongly induced proteins in tomato, accumulating to high levels when plants are exposed to heat stress (Scharf et al., 1998) , but it is only expressed in stressed plants. Notably, the expression of HsfA2 together with chaperones Hsp90 and Hsp70 was found to have an integral function in anther development in tomato, indicating that preformed chaperones may be important for protecting maturing and germinating pollen from heat damage (Giorno et al., 2010) . In contrast to class A Hsfs, a considerable number of Hsfs assigned to class B and class C have no evident function as transcription activators on their own (Kotak et al., 2004) , and class B was shown to have repressor functions (Czarnecka-Verner et al., 2004) . Furthermore, HsfA5 acts as a specific repressor of the antiapoptotic HsfA4 in Arabidopsis and tomato (Baniwal et al., 2007) . Additionally, HsfA3 was found to be involved in drought stress signaling in Arabidopsis (Sakuma et al., 2006) . HsfA9 is associated with both embryogenesis and seed maturation in sunflower and Arabidopsis (Kotak et al., 2007b) .
Chinese cabbage (Brassica rapa ssp. pekinensis) originated in China and is an important vegetable crop in the extratropical, subtropical, and tropical belts worldwide. The Chinese cabbage genome has been sequenced and assembled (Wang et al., 2011) , providing the basis for determining the Chinese cabbage Hsf family and its evolutionary history, as well as adaptations to heat and chemical stress response mechanisms at the molecular level. In this study, we identified and characterized Hsf family members in the Chinese cabbage genome and analyzed the phylogenetic relationships and orthologous genes between the Chinese cabbage and Arabidopsis. Moreover, we constructed Hsf interaction networks and analyzed their expression patterns. Our results provide a foundation to improve the understanding of the functional structure and genomic organization of the Hsf family in Chinese cabbage and will be useful for gene cloning and functional studies.
MATERIAL AND METHODS

Identification and classification of Hsfs in Chinese cabbage
The Chinese cabbage genome sequence is known and filtered protein and CDS sequences are available. Whole genome proteins of 2 species were downloaded, including Chinese cabbage (http://brassicadb.org/brad/geneFamily.php) and Arabidopsis (http://datf.cbi. pku.edu.cn/). The isoelectric point (PI) and molecular weight (MW) were computed using the Expasy tools (http://web.expasy.org/compute_pi/). The following strategy was used to isolate Hsfs from the whole genome of Chinese cabbage. First, the key word "heat shock transcription factor" was used to search directly in NCBI. Subsequently, annotated Hsf members in the Chinese cabbage genome database were selected. Third, the amino acid sequences of Arabidopsis Hsfs were used as standard sequences to isolate all possible homologs in Chinese cabbage X.Y. Huang et al.
using BLASTP searches (P value = 0.001), and repetitive Hsfs were removed manually. All candidate Hsf genes meeting these standards were detected using SMART and Pfam (http:// pfam.janelia.org/) to eliminate any sequences not containing the signature DBD domain of Hsfs (Bateman et al., 2004) . As a final quality check, the remaining sequences were evaluated using the MARCOIL programs to identify coiled-coil structures. Sequences not containing a coiled-coil structure were removed. Numbers of BrHsfs were assigned randomly. Based on these results, we obtained chromosome locations of these genes. The chromosome location image of Hsf genes was generated using the Mapdraw V2.1 software (Liu and Meng, 2003) .
Analysis of phylogenetic relationships
To understand the evolutionary relationships between the Chinese cabbage Hsf proteins and the variations in Hsf sequences, AtHsfs and BrHsfs were selected for phylogenetic tree analysis using MEGA (version 5.0) (Tamura et al., 2011) . Initially, the retrieved Chinese cabbage and Arabidopsis Hsfs nucleotide sequences were translated into amino acid sequences using BioXM2.6 in the Fasta format, and protein sequences were then aligned using ClustalX (version 1.83) (Chenna et al., 2003) . MEGA analysis was conducted after these steps. The neighbor joining (NJ) method was performed with Poisson correction and the pairwise deletion option. For statistical reliability, bootstrap analysis was conducted with 1000 replicates to assess statistical support for each mode.
Multiple sequence alignment and domain prediction
To identify signature domains, ClustalX was used to align amino acid sequences of Hsf proteins. The domain analysis programs MARCOIL (Delorenzi and Speed, 2002) , SMART (Letunic et al., 2009 ), PredictNLS, and NetNES1.1 (La Cour et al., 2004) were used to check DBD domains and coiled-coil structures and NLS and NES domains. Conserved motifs were analyzed using MEME tools (http://meme.nbcr.net/meme/cgi-bin/meme.cgi), with the parameters were set as follows: minimum width of 6, maximum width of 50, and maximum number of motifs to identify was 20; default values were used for other parameters (Bailey et al., 2006) .
BrHsfs expression and interaction networks
Chinese cabbage tissue expression information from raw RNA-seq data were downloaded from NCBI Gene Expression Omnibus (http://www.ncbi.nlm.nih.gov/geo/) under accession No. GSE43245 (Tong et al., 2013) . Expression profile cluster analysis of the Chinese cabbage Hsf family proteins was constructed using the MEV Software (Saeed et al., 2003) . The interaction network associated with Arabidopsis orthologs of Hsf genes in Chinese cabbage was constructed using the STRING software (http://string-db.org/) (Szklarczyk et al., 2011) .
RESULTS
Identification and physical location of Hsf genes in the chinese cabbage
All candidate BrHsfs were surveyed, and those containing incomplete sequences for the DBD domain and the remaining functional domains were removed. Thirty genes encoding for BrHsfs proteins were identified (Table 1 ). All non-redundant BrHsf genes were distributed on every chromosome of Chinese cabbage. According to multiple sequence alignment results of the DBD and HR-A/B region, 19 genes were identified as class A, 9 genes were class B, and 2 genes were class C. There were more BrHsfs of class A than those of classes B and C. The length of BrHsfs proteins ranged from 239 (Bra000235) to 487 (Bra023258) amino acids (aa), the PIs of the BrHsfs proteins were between 4.66 (Bra023258, Bra040968) and 9.16 (Bra014054), with a distribution from acidic to alkaline; the MWs of these proteins were between 27.93 kDa (Bra000235) and 54.49 kDa (Bra023258). Except for 2 genes (Bra040968, Bra035993) on the scaffold that could not be mapped to a specific chromosome, the remaining 28 Hsf genes were distributed in every chromosome of the Chinese cabbage genome (Figure 1 ). The number of Hsf genes on each chromosome varied widely. The largest number of Hsf genes was detected on chromosome A03 (8 Hsf genes), while the lowest number was on chromosomes A04, A05, and A06 (1 Hsf gene each). Chromosomes A02, A09, and A10 had the same number of Hsf genes (3 genes), as well as chromosomes A07 and A08 (2 genes). Four Hsf genes were located on chromosome A01 (Figure 1 ). 
Analysis of conserved domains of Hsf proteins in Chinese cabbage
The modular structure of the Hsfs has been examined in some model plants (Nover et al., 2001 ). The details of various functional motifs/domains, such as DBD, HR-A/B, NLS, NES, and AHA motifs are shown in Table 2 . Multiple alignment analysis clearly showed that Numbers in brackets indicate the position of the first amino present in the putative nuclear location signal (NLS), nuclear export signal (NES), and activator (AHA) motifs in the C-terminal domains.
the highly structured DBD domain was located in the N-terminal region (Figure 2) , which was the most conserved section of Chinese cabbage Hsfs, consisting of a 3-helical bundle (a1, a2, and a3) and a 4-stranded antiparallel b-sheet. The length of the DBD domain was quite variable as a result of an insertion/deletion event with the longest motif (111 aa) in Bra007739, the smallest (84 aa) in Bra013253, while most of the other motifs were 94 aa. The presence of the coiled-coil structure that is characteristic of all Hsf proteins was predicted by using the MARCOIL tool (Table 2) . Putative HR-A/B regions were consistently characterized by the predicted coiled-coil structure. Based on the peculiarities of their HR-A/B regions, 3 classes of Hsfs were identified in plants. Class A and class C Hsfs possess extended HR-A/B regions resulting from an insertion of 21 (class A) and 7 (class C) amino acid residues between the A and B regions (Figure 3 ). PredictNLS and NetNES were used to gather information regarding the existence of potential NLS and NES and their locations in the Hsf protein sequences. NLS of Hsfs was formed by monopartite or bippartite clusters of basic amino acid residues at the Cterminal end of HR-A/B regions. NES served as a part of a type-specific signature region at the C-terminus of class A Hsfs, which are essential for maintaining the balance between nuclear import and export. Additional sequence comparisons revealed AHA motifs in the center of the C-terminal activation domains as expected for type-A Hsfs. In contrast, these domains were not identified in the B and C type Hsfs. 
Phylogenetic analysis of Hsf proteins of chinese cabbage
To analyze the relationships between Hsf family members, a phylogenetic tree of 30 BrHsfs and 21 Arabidopsis Hsfs (AtHsfs) was generated using amino acid sequences with a bootstrap of 1000 replicates to ensure statistical reliability (Figure 4) . Hsfs of Chinese cabbage and Arabidopsis were grouped into 3 different classes corresponding to the main Hsf classes A, B, and C. In this study, class A was further divided into 9 subclasses according to the phylogenetic relationships designated as A1-A9. Eight (A1-A8) of these groups comprised the Chinese cabbage Hsf sequences, while A9 (At5g54070) appeared as a single branch of AtHsfs.
In addition, C-type Hsfs constituted 1 distinct class, which clustered more closely with class A. Moreover, 12 groups of orthologous genes (A1a, A1b, A2a, A3a, A4c, A5a, A6a, A7a, A7b, A8a, B2b, and B3a) and 7 groups of paraologous genes (A1a, A1d, A6b, B1a, B2a, B4a, and C) were identified in the tree. Figure 4 . Neighbor-joining phylogenetic tree of Hsfs from Chinese cabbage and Arabidopsis. The phylogenetic tree was constructed using the Mega5.0 software for full-length amino acid sequences from Chinese cabbage and Arabidopsis. The tree was divided into 3 classes with a total of 51 genes, including class A (A1a, A1b, A1d, A1e, A2a, A3a, A4c, A5a, A6a, A6b, A7a, A7b, and A8), class B (B1a, B2a, B3a, B4a, and B2b), and class C (C1). Class A proteins are represented with red branches, class B are represented with green branches, and class C with blue branches. The black solid circles represent paralogous genes of Chinese cabbage, and the black solid triangles represent orthologous genes from Chinese cabbage and Arabidopsis, and black hollow circle represents the single branch A9 of AtHsfs. The numbers are bootstrap values based on 1000 replicates. Only bootstrap values larger than 80% support are indicated. AtHsfs, Arabidopsis Hsfs.
Conserved motifs of chinese cabbage Hsf proteins
Motif distribution was analyzed using MEME; the results are shown in Figure 5 . The corresponding 20 consensus motifs were detected, lengths ranging from 11-50 aa (Table 3) . Most BrHsfs displayed motifs 1, 2, and 3, which corresponded to the conserved DBD domain. In the HR-A/B domain, motifs 4 and 6 were detected in all members of BrHsfs. All class B Hsfs exhibited the motif 6-type HR-A/B region, whereas the motif 4-type HR-A/B region was only detected in classes A and C. Motifs 12 and 13 represented NLS, which were detected in the Chinese cabbage Hsf family. Motifs 12 was characteristic of class B, and the NLS domain was represented by motif 13 in classes A and C. Furthermore, motif 8 was a representative of an NES close to the Hsfs C-terminus. Similarly, motifs 10 containing the AHA motifs were detected in the C-terminus of many BrHsfs. Moreover, some unknown motifs were identified by MEME motif analysis. Overall, the predicted Hsf DBD, HR-A/B region, NLS, and NES domains were conserved across each Chinese cabbage Hsf. Numbers in the first column indicate the motifs represented in Figure 5 .
Expression patterns and interaction networks of Chinese cabbage Hsf proteins
Recently, a comprehensive analysis of RNA-seq data in Chinese cabbage was completed, providing a rich resource for genome annotation and gene expression. For Hsf gene expression analysis in Chinese cabbage, gene expression data was downloaded and then applied for expression profiling of BrHsfs (Figure 6 ). In general, the expression level in each organ was as follows: siliques > roots > stems > flowers > leaves. Particularly, Bra011735 and Bra004272 showed higher expression levels in all organs, but at least 9 genes displayed lower expression in all organs. Neither Bra023800 nor Bra0012829 was detected in roots, while Bra007739 was not detected in leaves. Bra009515 was only expressed highly in the leaves, and Bra15050 was expressed in roots. Bra017595, Bra032752, Bra040179, and Bra023258, which were clustered in Hsfs of class A, displayed higher expression in all organs. Bra040968 and Bra010049, members of Hsf class B2, also showed high expression in all organs. Detailed expression values and clusters of each Hsf gene were analyzed using cluster analysis based on RNA-seq datasets (Figure 6 ). To confirm Chinese cabbage Hsfs expression patterns, 12 orthologous genes from Chinese cabbage and Arabidopsis were chosen to construct protein interactions using the STRING software (Figure 7) . Subsequently, 5 proteins, including MBF1C, ROF1, TBP2, CDC2 and HSP70, exhibiting sequence similarity with Hsfs between Chinese cabbage and Arabidopsis, were involved in 1 interaction network. MBF1C was related to HsfA7A (Bra012829) and AtHsfA2 (Bra00557), HsfA1 (Brao40179) interacted with HSP70, TBP2, and CDC2, while HSP70 was related to the largest number of Hsfs. 
DISCUSSION
Chinese cabbage is an important vegetable and oilseed crop grown worldwide. The Chinese cabbage genome was recently sequenced and assembled, which is useful for genomic analyses. However, the Hsf genes in Chinese cabbage have not been identified. Therefore, it is essential to identify and annotate new Hsf genes in Chinese cabbage. In the present study, we identified 30 Hsf genes in the whole Chinese cabbage genome, and analyzed their phylogenetic relationships, conserved motifs, and expression.
Hsfs exist in all living organisms, but their numbers vary in other plants. There are 21 Hsfs in Arabidopsis and 25 Hsfs in rice and apple, 30 Hsfs in maize, and 52 Hsfs in soybean, generated through gene duplication and whole-genome duplications (Proost et al., 2011) . Nearly all Hsfs belong to 3 classes, and the numbers in each class are similar in various plant species. Arabidopsis, rice, maize, apple, and soybean possessed 15, 13, 16, 16, 28 class A Hsfs, respectively. However, the numbers of class B Hsfs in soybean (22), maize (9), rice (8), and apple (7) are higher than that in Arabidopsis (5). Class C Hsfs were present as a single gene in Arabidopsis, but 2 Hsfs in class C were observed in apple and soybean, while multiple Hsfs of class C were observed in rice and maize. Chinese cabbage contained a set of 30 Hsfs, with 19 members belonging to class A, 9 to class B, and 2 to class C, which is similar to the plants described above. Additionally, these results indicate that Hsfs were conserved in the plant species, whereas Hsfs of class A were more conserved than those of class B and C in the plant species overall, with some changes during the evolutionary process. A deletion event may have occurred for Hsfs in classes B and C.
As shown in Figure 1 , Hsf family members of Chinese cabbage were mapped to chromosomes to determine their genomic distribution. Hsfs existed in all 10 chromosomes of the Chinese cabbage genome. This suggests that Hsf genes may have been widely distributed in the genome of the common ancestor.
A phylogenetic tree was constructed using the MEGA software using multiple alignments of 30 Chinese cabbage Hsfs and 21 Arabidopsis Hsfs with a bootstrap analysis of 1000 replicates to ensure statistical reliability (Figure 4 ). This method can be used to identify putative paraologous and orthologous Hsf genes. Orthologs are genes in different genomes that have been created through speciation events, while paralogs are genes in the same genome created through gene duplication events (Thornton and DeSalle et al., 2000) . Within each Hsf protein class, 7 pairs of paraologous genes and 12 pairs of orthologous genes were identified, indicating ancestral duplication. All paraologous genes appeared between chromosomes, providing information regarding the evolutionary process of the Chinese cabbage Hsf family and indicating that genome duplication likely occurred. In contrast, in maize and Populus, segmental Hsf gene duplications and tandem duplications coexisted, with the former more prevalent than the latter (Lin et al., 2011; Wang et al., 2012) . Gene duplication is a major mechanism through which genomic rearrangement and expansion occur; however, diversification of gene function is also generated during molecular evolution. It is thought that tandem duplicates are generally involved in stress responses, suggesting that these tandem duplicates are important for adaptive evolution to rapidly changing environments (Rizzon et al., 2006) . In contrast, transcription factor genes encoding for nucleic acid binding proteins originated mostly through segmental duplication (Hanada et al., 2008) . Therefore, segmental duplication events in BrHsf expansion may be related to the roles of these genes act as transcriptional regulators. Moreover, no Hsf member clustered in class A9 (At5g54070) in Chinese cabbage, which appeared as a single branch of AtHsfs, suggesting a possible gene loss event during the evolution process.
For the modular structure of Hsfs, 5 conserved domains were observed in most Hsf proteins. Near the N-terminus, the multiple alignment results clearly indicated highly conserved DBD domains with 2 insertion events and 1 deletion event in Chinese cabbage ( Figure  2 ). Nine (Bra035507) and 17 (Bra007739) amino acid residues were increased between the a3 and b3, and 10 amino acid residues lacked Bra013253, contributing to biological and functional diversity. Consistent with other plants, class A and C Hsfs had insertions of 21 and 7 amino acid residues between the A and B parts of the HR-A/B regions, respectively (Figure 3) . The MEME web server was used to analyze the motif distribution and verify the results of domain prediction ( Figure 5 and Table 3 ), providing additional clues to the evolutionary relationships in BrHsfs. Most members in the same groups possessed similar gene motif structures. For example, motif 4 was only present in class A and C and all B Hsfs members exhibited motif 6; these group-specific motifs are expected to be involved in group-specific functionalities.
The expression pattern of a gene is typically closely related to its function. The available data indicated that the most identified Hsfs were expressed in 5 organs of Chinese cabbage. Furthermore, in the 7 pairs of duplicated genes in Chinese cabbage, a significant divergence in expression levels were observed between the 2 members of each pair. Interestingly, Bra023258 showed high expression levels in all tissues, particularly in flowers and siliques, while Bra035507 expression was lower or absent. This may be the result of insertion or dele-tion events for the 3 genes (Bra035507, Bra007739, and Bra013253). In contrast, the expression of Bra011735 and Bra017800 were mainly detected in roots and siliques, indicating that duplicated genes had various functions in the response to heat stress in evolutionary history. We detected an HsfA8 type BrHsf (Bra004272) and HsfB3 type BrHsf (Bra0011735) that were significantly highly expressed. Among the class A Hsfs, the C-terminal domain of HsfA8 lacked any detectable AHA motifs; additionally, AtHsfA8 was shown to be inactive in a yeast monohybrid assay (Kotak et al., 2004) . Hsfs in class B serve as transcriptional repressors or coactivators that cooperate with class A Hsfs (Czarnecka-Verner et al., 2000) . Bra0011735 is likely coactivated by class A Hsfs, but the details of this interaction remain unknown. Indeed, BrHsfs were expressed at higher levels in roots and flowers, indicating that Hsfs participate in the development of underground plant parts and regulation of reproductive growth in Chinese cabbage. Moreover, HsfA1 interacts with HSP70, TBP2, and CDC2 according to the interaction network (Figure 7 ), which may be because HsfA1 has a unique role as a master regulator in the Hsf family. HSP70, which is related to the largest number Hsfs in Chinese cabbage and Arabidopsis, assists a wide range of folding processes and controls the activity of regulatory proteins (Mayer and Bukau, 2005) . ROF1 prolongs thermotolerance by sustaining the levels of small HSPs. We also found that CDC2 may be involved in leaf development.
CONCLUSIONS
In this study, a comprehensive set of 30 heat shock factors were identified and characterized from the Chinese cabbage genome. Based on the comparison with homologs from Arabidopsis and on the protein structural characteristics, the 30 BrHsfs were grouped into 3 classes (class A, B, and C), and class A was organized into 8 subclasses. Phylogenetic analysis and segmental duplications were examined and found to have contributed to expansion of the Hsf family in the Chinese cabbage genome. The expression profile in 5 organs suggested that most BrHsfs participate in the development of underground plant parts and the regulation of reproductive growth in Chinese cabbage, but significant divergence of expression levels was observed between Hsf genes. Our results increase the understanding of the molecular genetics basis for Chinese cabbage genetic improvement and provide the functional gene resources for further transgenic studies.
